specific components 1-1 and 2-2 from human plasma. Some of the physicochemical properties of these components will be discussed.
Materials and Methods
Plasma.--Plasma was obtained from healthy blood donors. After determination of the Gc-types, plasma of individuals with identical types was pooled. For each Gc preparation a pool of 1000 ml plasma was used as the starting material. Prior to the fractionation procedure the plasma was kept sterile at +4°C for periods varying from several days to a few months.
Ammonium Sulfate Precipitcaion.--Precipitation was carried out at +4°C • 480 gm
(NI-I4)2SO4 was dissolved, with constant stirring, in 1 fiter of cold distilled water and added to 1 liter of plasma. The ammonium sulfate concentration (1.6 ~) corresponded to approximately 40 per cent saturation (9) . After agitation for 12 hours the precipitate was separated by centrifugation at +4°C and the snpernatant saturated to approximately 60 per cent by the addition of 147 gm (Nly4)~SO4 per liter (2.9 ~). After 20 hours the precipitate formed was collected by centrlfugation at 4°C and redissolved in a 0.03 ~ sodium phosphate buffer of pH 7.2.
Desalting was achieved by gel filtration on a column of sephadex G-25 (10) . The column (33 X 7.4 era) was prepared using 400 gm sephadex G-25 fine (Pharmacia, Uppsala), and was equilibrated with the sodium phosphate buffer. Elution curves for protein were obtained by measuring the absorbancy at 280 m~ and for (NI-I~)2SO4 by determining the electrical conductivity.
The eluates containing protein were pooled and concentrated at +4°C by low pressure ultrafiltration (11) using s~(z inch diameter Visking dialysis tubing which is known to retain proteins of a size corresponding to a molecular weight of approximately 30,000 (12) .
Ion Exchange Chromatography.--For the chromatographic separation triethylaminoethyl
(TEAE) cellulose was used as absorbant and a combined stepwise and a gradient elution procedure was employed (13) . The columns (82 X 3.4 cm) were prepared using 140 gm TEAE cellulose (Serva lot No. A1586 and 17041). Prior to the pouring of the columns the cellulose was washed with several volumes of 1 I~ NaOH followed by distilled water and the initial phosphate buffer (0.03 ~, pH 7.2). The columns were packed and equilibrated with the initial buffer, and satisfactory equilibration was confirmed by plY and conductivity measurements of the effluent.
The fraction prepared by (NI-t4)2SO~ precipitation contained between 5 and 8 gm of protein. After application of the material to the columns, 1500 ml sodium phosphate buffer (0.03 M, pH 7.2) was used in the first elution step. In the subsequent gradient elution, the salt concentration was changed continuously at a constant pH of 7.2. The gradient was produced in a mixing chamber containing 1000 ml of 0.03 ~ sodium phosphate buffer, to which an Erlenmeyer flask containing 1000 ml of 0.1 M sodium phosphate buffer was attached. The gradient of increasing molarity of sodium phosphate was followed by elution with 1000 ml 1 ~ NaC1. The flow rate was adjusted to approximately 45 ml]hour, and 16 ml fractions of effluent were collected. The fractions containing the group-specific component were pooled and concentrated.
Preparative Zone Eledrophoresis.--Electrophoretic separation was carried out on a starch block (14) . Barbital buffer (plY 8.6 1"/2 ---0.1) was used and a voltage gradient of 4 to 5 v/era applied for 36 hours. The a2 fractions containing the group-specific component were pooled and concentrated. Protein was determined by a modified Folin method using human serum albumin as a standard (14) .
Gel Filtration.--Gel filtration (15) was carried out on sephadex G-100 column. The column (100 X 2.2 era) was packed with approximately 24 gm sephadex G-100 (Pharmacia, Uppsala) suspended in a 0.1 ~ tris HC1 buffer, pH 8.0, containing 0.5 ~ NaC1. The elution was carried out with a flow rate of 12 to 20 ml per hour; 2.7 ml fractions were collected.
The distribution of the group-specific component in the ehition pattern was again determined by immunoelectrophoresis. The fractions containing Gc were subdivided into two groups; those in which the Gc was contaminated with several proteins of similar molecular size, and those in which the Gc was present in a relatively pure state, the latter being found in the fractions at the end of the protein elution curve. The two groups of fractions were pooled separately. The contaminated fractions were submitted to repeated gel filtration on the sephadex G-100 column.
Immunodearophoresis.--Immunoelectrophoresis on agar gel (16) was carried out according to the method of Scheidegger (17) as modified by Hirschfeld (18) . A voltage gradient of 6 to 7 v/cm was applied for 120 minutes. Anfisera used in this study included two anti-human horse sera of the Pasteur Institute, Paris, (No. 13411 and No. 306) and several rabbit antisera prepared in our laboratory by immunization with a2-globulin fractions, obtained from normal sera by preparative zone electrophoresis at pH 8.6. The a2-globulin fractions were mixed with complete Freund's adjuvant and injected intramuscularly repeatedly. Specific rabbit antisera against Gc 1-1 and 2-2 were obtained by immunization with purified preparation of these components. In some antisera a small amount of antibody against al-antitrypsin was apparent and was removed by absorption with an al fraction obtained from serum by starch block e!ectrophoresis at pH 8.6. Preliminary classification of Gc type was made with the unwashed and unstained slides, and later confirmed by staining the slides with azocarmine or amidoblack.
Agar Gel Diffusion Tea.--The Ouchterlony method of two dimensionai double diffusion in agar gel (19) was employed.
Starch Gel Elearophoresls.--Horizontal starch gel electrophoresis was carried out with the discontinuous tris borate buffer system (20) . A voltage gradient of 11 v/cm was applied for 2~ to 3 hours at 4°C.
Ultraccntrifugation.--Ultracentrifugal analysis was performed using a Spinco model E ultracentrifuge. The Gc preparations were analyzed in phosphate buffer, pH 7.0, 1'/2 = 0.1 or barbital buffer pH 8.6, 1"/2 = 0.1 at 52,640 RrM and +20°C. The concentrations ranged from 0.5 to 2 mg/ml. The weight average molecular weights of two samples were determined by equilibrium ultracentrifugation in short columns (21) .
Chemical Analyses.--Amino acid analyses were performed using ion exchange chromatography according to the method of Moore et al. (22) and Spackman a al. (23) . One sample of each Gc type was analyzed after hydrolysis in 6 N HC1 at ll0°C for 22 hours. Hexose was estimated using Vasseur's modification of the orcinosulfuric acid method (24) . Methylpentose (fucose) was determined by the cysteine-sulfuric acid method of Dische and Shettles (25) . Sialic acid was determined according to the method of Werner and Odin (26) . Hexosamine was estimated by a modified Elson-Morgan procedure as described by Svennerholm (27) . These methods were adapted as previously described by Bergg/lrd (12) . The carbohydrate content was calculated as per cent of the dry weight of the purified protein. The protein was weighed after vacuum desiccation over an hydrous calcium chloride for several days until the freeze-dried material achieved a constant weight. Treatment with reducing agents and starch gel electrophoresis in the presence of 8 ,~ urea were carried out by the methods of Edelman and Poulik (28) .
RESULTS
Isolation Procedure.--The isolation of the group-specific components from human plasma was achieved by a combination of several separatory procedures ( Fig. 1 ). Plasma was obtained from blood donors homozygous for Gc 1-1 or Gc 2-2, and 1000 ml were pooled from donors with identical Gc types. Ammonium sulfate was added to the plasma to 40 per cent saturation. The precipitate, obtained at 60 per cent saturation, contained only traces of the group-specific component. The precipitate was discarded and the supernatant was saturated to 60 per cent ammonium sulfate. The precipitate contained the major part of the group-specific component, while the supernatant contained practically no Gc material. The precipitate was redissolved in phosphate buffer and the ammonium sulfate removed by gel filtration. The protein fractions were pooled and concentrated.
The concentrated material was separated by ion exchange chromatography on TEAE cellulose columns and the protein eluted by combined stepwise and gradient elution at pH 7.2. A typical elution pattern is shown in Fig. 2 electrophoresis of the eluted fractions. As shown in Fig. 2 , Gc 1-1 is eluted at pH 7.2 at a phosphate concentration between 0.0475 and 0.075 ~. Similar results were obtained with preparations of Gc 2-2. The Gc-containing fractions were pooled, concentrated, and submitted to preparative zone electrophoresis at pH 8.6. The distribution of the Gc was determined by immunoelectrophoresis. Gc 1-1 migrated as a fast a2-globulin, and Gc 2-2 had the mobility of a slowly migrating a~-globulin. For the preparation of Gc 1-1 it was found to be advantageous to discard the faster migrating portion of the group-specific component, since contaminating arglobulins present in these fractions were difficult to eliminate by subsequent separatory procedures. The fractions containing the slower migrating portion of Gc 1-1 were used for further purification. For the preparation of Gc 2-2 all Gc-containing fractions from the starch block were pooled and concentrated. The material was fractionated further by gel filtration on sephadex G-100. An elution pattern for a Gc 1-1 preparation
is illustrated in Fig. 3 ; identical results were obtained with preparations of Gc 2-2. The group-specific component appeared in the latter portion of the elution curve following the filtration of a2-macroglobulin, the haptoglobins, and several other as-globulins of large molecular size. Gc was obtained in a relatively purified state in the last emerging fractions, whereas contaminating ~2-globulins were present in the first eluted Gc fractions. The fractions with relatively Number of tubes FIO. 3. Gel filtration of c~e-globulins from plasma of Gc type 1-1 on a sephadex G-100 column. The o~-2-globulin fraction was prepared by ammonium sulfate fractionation, ion exchange chromatography, and zone electrophoresis.
purified Gc and those with contaminating proteins were pooled and concentrated separately. The portion containing the contaminated material was subsequently submitted to three repeated filtrations on sephadex G-100 columns. The last eluted fractions, containing the Gc in relative purified state, were concentrated and added to the purified material obtained from the initial gel filtration. When this material was submitted to a final purification by gel filtration a practically symmetrical peak was obtained. The middle portion of the peak was pooled, concentrated, and examined by immunoelectrophoresis and starch gel electrophoresis.
The identity of the isolated protein with the group-specific component of human serum was demonstrated by immunoelectrophoretic analysis of a mixture of the purified material with serum of the opposite Gc type. In the upper part of Fig. 4 A the immunoelectrophoretic analysis of a Gc 1-1 preparation reveals a single precipitation arc. The identification of the material is also shown. When purified Gc 1-1 was mixed with serum of type Gc 2-2, the immunoelectrophoresis of the mixture appears indistinguishable from the Gc 2-1 phenotype.
The degree of purity of the isolated group-specific components was tested by immunoelectrophoresis and starch gel electrophoresis. Fig. 4 B depicts the immunoelectrophoretic examination of purified Gc 1-1 and Gc 2-2 preparations compared with standard sera of type Gc 1-1 and Gc 2-2. Purified Gc 1-1 and Gc 2-2 migrate in the starch gel in the postalbumin region. The purified Gc preparations appear as single homogeneous components. However, Gc 1-1 and Gc 2-2 differ markedly in their electrophoretic mobility in agar and starch gel. Examination of mixtures of the two purified proteins by starch gel electrophoresis showed two clearly separable components. Starch gel electrophoresis of high concentrations of the Gc preparations revealed the presence of a faster migrating and, in some Gc 1-1 preparations, traces of a slower migrating contaminant. The amount of contaminating protein was estimated by dilution. In Gc 2-2 preparations the contamination was probably less than 5 per cent, in Gc 1-1 preparations the contamination represented between 5 and l0 per cent of the total protein.
Using this isolation procedure, approximately 15 mg of purified Gc 2-2 and 8 rng of purified Gc 1-1 could be obtained from 1 liter of human plasma. The decreased recovery in the case of the Gc 1-1 preparation was caused by the faster migrating portion of Gc 1-1 being discarded after separation by zone electrophoresis.
Partial Characterization of the Group-Specific Components.--Ultracentrifugal
analysis of Gc 1-1 and Gc 2-2 preparations revealed a single component (Fig. 5) , which appeared symmetrical throughout the sedimentation. The sedimentation 0 coefficient for Gc was found to be S2o,w= 4.1 S. In Fig. 6 the concentration dependence of the s rate is illustrated. Difference in the s rates between Gc 1-1 and Gc 2-2 could not be detected, however, the protein concentrations in these studies were relatively low. The molecular weight of the group-specific component was determined by equilibrium ultracentrifugation in short columns. The weight average molecular weight of a highly purified Gc 2-2 preparation was found to be 50,800 (±2900). Preliminary results were obtained on the amino acid composition of the group-specific components. The results depicted in Table I are based on a single analysis after 22 hours' hydrolysis in 6 N HC1 at ll0°C. The values have been referred to an alanine content of 1.00. The amino acid compositions of Gc 1-1 and Gc 2-2 were very similar, and the slight differences observed are within the error of the method. Assuming a molecular weight of 50,800 the number of amino acid residues per molecule Gc was calculated to be approximately 450. Treatment with the reducing agent mercaptoethanol in the presence of 8 ~t urea, and alkylation with iodoacetamide provided no evidence for the existence of more than a single polypeptide chain in the Gc molecule. Fig. 7 illustrates the results obtained when untreated and reduced alkylated Gc 2-2 were examined by starch gel electrophoresis in 8 M urea at pH 2.9. A single protein band was observed in both instances. The reduced alkylated Gc 2-2 migrated more slowly than the untreated Gc 2-2. It was not apparent whether this behavior was due to unfolding of the Gc molecule or to an alteration in the elec- The experiments did not exclude the possibility that by splitting the disulfide bonds in the Gc molecule subunits were formed with identical relative electrophoretic mobilities on the urea starch gel. Similar findings were obtained with the Gc 1-1 preparation. Untreated Gc 1-1 migrated in 8 M urea at pH 2.9 with the same mobility as the untreated Gc 2-2. Examination of reduced alkylated Gc 1-1 showed the major part of the protein migrating in the same position as the treated Gc 2-2, a faint protein band, however, was observed in a position which corresponded to the untreated material. The Gc 1-1 preparation used in these experiments was only 90 per cent pure, and it seemed likely that the additional faint band could be ascribed most easily to the presence of a contaminating protein.
The carbohydrate content of a mixture of Gc 1-1 and Gc 2-2 was examined by t u n a t e l y t h e a m o u n t of m a t e r i a l a v a i l a b l e for analysis was limited a n d it was n o t possible to exclude with complete c e r t a i n t y the presence of traces of sialic acid. However, t r e a t m e n t of sera of t y p e Gc 1-1 a n d Gc 2-2, a n d of purified Gc 1-1 a n d Gc 2-2 p r e p a r a t i o n s , with the e n z y m e n e u r a m i n i d a s e did n o t alter the electrophoretic m o b i l i t y of the group-specific c o m p o n e n t s . I t a p p e a r s h i g h l y unlikely, therefore, t h a t t h e differences in relative electrophoretic m o b i l i t y b e t w e e n Gc 1-1 a n d Gc 2-2 are due to v a r i a t i o n s in sialic acid c o n t e n t . T h e amount 6f hexosamine found in Gc 2-2 was only 0.7 per cent. Similar values were obtained for Gc 1-1, when calculated from the glucosamine determination of the amino acid analyses, assuming a 50 per cent loss during acid hydrolysis.
Purified Gc 1-1 and Gc 2-2 preparations were examined immunologically by two dimensional double diffusion tests in agar gel. Fourteen different antisera were used. Four of these were obtained by immunization with Gc 1-1 preparations and five with Gc 2-2 preparations. In all experiments a complete fusion of the Gc precipitation line was observed (Fig. 8) and no evidence for an immunological difference between Gc 1-1 and Gc 2-2 could be obtained. Specific antisera against purified preparations of Gc 1-1 and Ge 2-2 gave a single precipitation line corresponding to Gc when tested against fresh normal human serum ( Fig. 9) . The purity of the antisera was confirmed by two dimensional diffusion studies in which varying dilutions of antigen and antisera were employed.
DISCUSSION
In the present report, a method is described for the isolation of the groupspecific components (Gc) from human plasma. The method enables the isolation of the different genetic Gc types in a highly purified state. From 1 liter of human plasma between 8 to 15 mg of purified Gc could be obtained. The concentration of this protein in normal human plasma is unknown. If one assumes a recovery of only 10 per cent of the group-specific component originally present in the starting material, the Gc concentration of l5 mg per cent in human plasma would correspond to approximately 0.2 per cent of the total plasma protein. It is therefore particularly noteworthy that a complex polymorphism exists for a plasma protein which is present in only small amounts.
The various genetic Gc types are distinguished by their differences in relative electrophoretic mobility. These differences can be demonstrated by starch block and agar electrophoresis as well as in the starch gel system. By ultracentrifugal analysis, differences in the sedimentation rates of Gc 1-1 and Gc 2-2 were not detected. It appears likely, therefore, that the variations in electrophoretic mobilities are due to charge differences on the various group-specific components. The results of the carbohydrate analyses indicate that the group-specific components do not differ in their carbohydrate content. Preliminary results indicate a close similarity in the total amino acid composition of the two genetic FIG. 8. Demonstration of immunologic identity of Gc 1-1 and Gc 2-2 by two dimensional double diffusion in agar gel.
Upper left: Gc 1-1. Upper right: Gc 2-2. Below: rabbit-anti-Gc 2-2 serum No. 14.
Gc types. It seems likely that the structural difference between the products of the Gc 1 allele and the Gc 2 allele may reside in a single amino acid substitution. Enzymatic hydrolysis of the proteins followed by peptide analvsis will be required to determine the nature of the structural difference. The biological importance of Gc is presently unknown. The development of a specific antiserum against Gc will enable studies to be performed on the quantitative variations of this inherited protein in health and disease. The group-specific component (Gc), an t~-globulin of human plasma with inherited variations in relative electrophoretic mobility, has been isolated from plasma and partially characterized.
The isolation procedure combines ammonium sulfate fractionation, anion exchange chromatography, preparative zone electrophoresis, and gel filtration. The method is suitable for the isolation and purification of the group-specific components. The Gc proteins representing the gene products of the two common homozygous Gc-types, Gc 1-1 and Gc 2-2, have been prepared. Gc belongs to the group of a~-globulins of relatively low molecular weight (4.1S, molecular weight 50,800) and relatively low carbohydrate content (3.3 per cent). The total amino acid composition of the two homozygous group-specific components is very similar; treatment with reducing agents and alkylation provides no evidence for the presence of more than a single polypeptide chain in the Gc molecule.
